
RESEARCH OBJECTIVES
The objective of this study is to develop a physically based

upstream weighting scheme. Such a scheme would be used for
determining relative permeability functions
or mobility terms that could be generally
applicable to calculating multiphase flow
between fractures and the rock matrix,
using a dual-continuum concept. The phys-
ically based numerical approach overcomes
the limitation of most numerical models for
dealing with fracture-matrix interaction in
selecting correct relative permeability val-
ues. Most such models use a single-point
upstream weighting scheme by which to
estimate flow mobility for fracture-matrix
flow terms. However, such a scheme is
prone to selecting incorrect mobilities for
calculating fracture-matrix flow, which may
lead to unphysical solutions or significant
numerical errors. 

APPROACH
Our modified upstream weighting

scheme by which to select the appro p r i a t e
mobility for fracture-matrix interaction is
based on (1) the principle that the capillary
p re s s u re is continuous at the fracture - m a t r i x
interface and (2) the assumption that there is
an instantaneous local pre s s u re equilibrium
for each phase on the matrix surface
between fracture and matrix systems. These
conditions should be reasonable for most
f r a c t u red reservoirs, because fracture aper-
t u re is normally small, and dynamic changes
in fractures, such as capillary pre s s u res, could be instantaneous-
ly equilibrated locally at contacted matrix surfaces. There f o re ,
the new scheme, when the upstream direction for fracture -
matrix flow is at fractures, uses a matrix relative permeability
function as a function of fracture capillarity to calculate the
m o b i l i t y. Physically, this approach is equivalent to evaluating
flow through the fracture-matrix interface into the matrix with
the effective matrix permeability at that interface, which is still
an upstream weighting scheme. 

ACCOMPLISHMENTS
This physically based modeling approach for estimating

physically correct relative permeability, in calculating multiphase
flow between fractures and the matrix, has
been implemented into two multiphase
reservoir simulators. It has also been veri-
fied using both analytical solutions and
laboratory experimental data (see Figure 1
for comparison of the proposed model
results with laboratory tests involving a
w a t e r-oil displacement experiment using
f r a c t u red cores). The new method is
demonstrated to be accurate, numerically
e fficient, and easy to implement in dual- or
multiple-continuum models. 

SIGNIFICANCE OF FINDINGS
The physically based upstream weight-

ing scheme overcomes a serious flaw that
exists in most current, conventional simu-
lation practice when estimating flow
mobility for fracture-matrix flow terms.
N u m e r i c a l l y, the new scheme uses exactly
the same dual-continuum grids as the tra-
ditional dual-continuum appro a c h e s .
Without requiring an additional computa-
tional burden or using refined grids, we
achieve not only accurate but also physi-
cally correct results for fracture - m a t r i x
interaction. 
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Figure 2. Comparison of simulation results
with experimental data (Kazemi, 1979)

Figure 1. Comparison of calculated water
imbibing rates from analytical and numeri-
cal solutions into a cubic matrix block


